significant obstacle for effective AMI management despite efforts in public and patient education. 7 Patients often delay with a median of at least two hours before seeking care. 8, 9 This delay exposes patients to an unnecessarily greater mortality risk and more severe consequences. To inform the development of effective educative intervention, the identification of predictors of pre-hospital delay is an essential prerequisite.
Indeed, many researchers have examined the factors associated with AMI pre-hospital delay. Among these, sociodemographic and clinical factors have received much attention. Several review papers have reported that patients of older age, female gender, and lower education level exhibited more delay prior to seeking care, whereas data regarding patients' marital and socio-economic status were conflicting. 8, [10] [11] [12] [13] Regarding clinical factors, diabetes mellitus was found to be associated with more delay, while conflicting findings have been reported on the association between delay time and history of angina, AMI, and hypertension. 11, 14 Moreover, the literature has consistently reported that patients who attributed their symptoms to the heart delayed care-seeking for a shorter time. 8, 13, 15, 16 Similarly, the mismatch between patients' preconceived expectation of AMI symptoms and their actual experience of symptoms led to a more pre-hospital delay. 17, 18 Even though a number of studies have attempted to identify the factors influencing the pre-hospital delay among AMI patients, a consistent pattern does not emerge from the existing literature. This inconsistency across the studies may be related to the methodological differences. 19 More importantly, the universal definition of myocardial infarction has changed considerably in recent decades, with the latest guideline published in 2012. 20 Such an important update intensifies the need to investigate the factors affecting pre-hospital delay by applying the new diagnostic criteria to recruit subjects. Moreover, previous studies mainly took place in Western countries, so few data are available about the care-seeking behavior of Hong Kong Chinese. The mixture of Western and Eastern cultures influencing the health-seeking behavior of Hong Kong Chinese underscores the need to examine the predictors of pre-hospital delay among this group. Accordingly, this study aimed to identify the predictors of pre-hospital delay in Hong Kong Chinese patients with AMI.
Methods

Study design, setting, and sample
This study was approved by the research ethics committees of the study hospitals and conformed to the principles outlined in the Declaration of Helsinki. This article reports a secondary data analysis addressing a second objective of an exploratory model-testing study that validated an integrative theoretical model to reveal the predictive mechanism of care-seeking decisions in patients with AMI. 21 Based on our literature review, we examined a total of 30 potential variables in predicting pre-hospital delay, including sociodemographic background, clinical course, characteristics of symptom presentation, and patient perceptual factors. Data were collected from the cardiac units of three regional hospitals in Hong Kong with consecutive sampling. The inclusion criteria were: 18 years of age or older, communicative, dwelling in the community, and having a diagnosis of AMI confirmed in accordance with the universal definition of myocardial infarction (i.e. having documented changes in cardiac biomarkers as well as other signs and symptoms indicating ischemia). 20 Patients excluded were those having psychiatric illnesses, unstable clinical conditions, or who became unconscious during the pre-hospital period. A total 301 patients participated in this study, giving a response rate of 96.8% (Figure 1 ). According to the formula proposed by Tabachnick and Fidell 22 (n⩾50+8m, where m is the number of potential predictors), which assumes a medium effect size for the relationship between dependent and independent variables, α=0.05 and β=0.20, a minimum of 290 subjects would be adequate to ensure a power of 80% at the 5% level of significance. Therefore, our sample (n=301) was adequate to support the statistical analysis.
Measurement
Symptom presentation. The Chinese version of the 48-item Symptoms of Acute Coronary Syndromes Inventory (SACSI-C) 23 was adopted to measure the characteristics of symptom presentation. The extent of typical symptom presentation was quantified by the total number of typical symptoms present in addition to typical chest pain, which was defined by having typical quality (e.g. crushing, pressure, or tightness) of chest pain over the center or left of the chest. Chest pain radiating to locations in the upper body (e.g. jaw, neck, shoulder, and arm) and other associated symptoms such as sweating and dizziness are also regarded as typical presentation. The SACSI-C has been validated in a Chinese population with satisfactory psychometric properties. 23 Perceived Barriers to Health-care Seeking Decisions (PBHSD-C). The 10-item PBHSD-C was used to measure patients' perceived barriers to seeking care. It was rated on a sixpoint Likert scale; higher scores indicate greater perceived barriers to seeking care. The internal consistency was acceptable (Cronbach's alpha=0.74), while test-retest reliability and convergent validity were satisfactory. 24 Perceived symptom congruence. The degree of congruence between patients' symptom experience and their preconceived ideas about AMI was assessed by a 10-cm horizontal visual analogue scale, wherein a higher score indicates greater perceived symptom congruence. This scale is in common use for evaluating perceived symptom congruence among AMI patients. Good test-retest reliability 14 and predictive validity 25 have been documented.
Perceived susceptibility to AMI. The study participants were asked to rate their perceived likelihood of having an AMI prior to the current episode when compared to other people of the same gender and similar age. A five-point Likert scale was used, with a higher score indicating greater perceived susceptibility to AMI. The Likert scale is widely used in clinical research to evaluate the perceived susceptibility to certain diseases.
Pre-hospital delay time. The pre-hospital delay time was defined as the interval between symptom onset and arrival at the emergency department of a hospital. The time of symptom onset was obtained through patients' recall, with a benchmarking technique to enhance accuracy. 23 The technique consisted of placing the time of symptom onset in the context of routine events that happened around the same time as the symptoms occurred. 23, 24 The time of arrival at the emergency department was retrieved from patients' medical records. The pre-hospital delay time was calculated by subtracting the time of symptom onset from the time of arrival at the emergency department.
Data collection procedure
The data collection commenced after the ethical approval from the respective research ethics committees was obtained. Data were collected between November 2012-August 2013, after obtaining written consent from each participant. The principal investigator administered all the study instruments through face-to-face interviews, and reviewed patients' electronic medical records to collect other clinical data.
Statistical analysis
Variables with skewed data were transformed appropriately before subjecting the data to analysis. Sample characteristics were described using frequencies, means, standard deviations, medians, and interquartile ranges as appropriate. Univariate analyses were conducted by using t-tests or one-way analyses of variance to examine the mean differences in pre-hospital delay time. Pearson correlations were used to examine the associations between continuous variables and the delay time.
Multivariable linear regression analyses were used to identify the predictors of pre-hospital delay in AMI patients. The variables were entered into the model hierarchically in blocks with the following order: (a) sociodemographic factors, (b) clinical factors, (c) characteristics of symptom presentation, and (d) patient perceptual factors. All statistical analyses were performed using IBM SPSS 23.0 (IBM Corp. Armonk, New York, USA). All statistical tests involved were two-sided, and a p value <0.05 was considered statistically significant.
Results
Participant characteristics
The sample characteristics are shown in Table 1 . The median pre-hospital delay times were 3.0 (interquartile range: 1.84-10.30 h) for all patients, 2.6 (interquartile range: 1.35-7.00 h) for patients with ST-segment elevation myocardial infarction (STEMI) and 5.7 h (interquartile range: 2.42-21.27 h) for patients with non-ST-segment elevation myocardial infarction (NSTEMI). Table 2 illustrates the univariate predictors of pre-hospital delay. For the entire sample, all socio-demographic factors were significantly associated with delay, except for living arrangement. Patients of older age, female gender, lower education level, being single, widowed or divorced, and being unemployed were associated with more delay. For clinical factors, patients with diabetes mellitus, congestive heart failure, and higher Charlson Comorbidity Index were associated with more delay. Patients with STEMI showed less delay than those with NSTEMI. Regarding the characteristics of symptom presentation, sudden onset of symptoms was the most significant predictor of less delay. The presence of sweating, chest pain, higher pain score, and greater number of typical symptoms were associated with less delay. For patients' perceptual factors, greater perceived barriers to care seeking, higher symptom congruence, attributing symptoms to the heart, and higher perceived susceptibility to AMI were associated with less delay. Table 2 shows the univariate analysis for the subgroups of STEMI and NSTEMI. For the STEMI patients, the results are similar to those of the entire sample, with the presence of arm and/or shoulder pain significantly associated with more pre-hospital delay time. Other factors including gender, marital status, history of congestive heart failure, and presence of chest pain, in contrast, were unrelated to delayed care seeking. In the NSTEMI subgroup, the majority of the socio-demographic and clinical factors were not related to delayed care seeking. The influence of presence of chest pain and the number of typical symptoms were also no longer significant. Instead, presence of dizziness or light-headedness or fainting was associated with more delay.
Univariate predictors of pre-hospital delay
Multivariate predictors of pre-hospital delay
Overall AMI patients. The final regression model for the entire sample was significant (F=18.30, p<0.001), and it accounted for 49.6% of the variance in pre-hospital delay as a whole. Female gender (β=−0.136, p=0.003) and higher perceived barriers to care seeking (β=0.478, p<0.001) were significant in predicting more delay, whereas greater extent of symptom congruence (β=−0.240, p<0.001) and greater extent of typical symptom presentation (β=−0.159, p<0.002) were significantly associated with less delay. Moreover, patients with STEMI (β=0.129, p=0.005) were also significant in predicting less delay (Table 3) .
STEMI subgroup. The final regression model for the STEMI patient subgroup was also significant (F=13.441, p<0.001), and it accounted for 46.2% of the variance in pre-hospital delay. Perceived barriers to care seeking (β=0.456, p<0.001) constituted the most significant predictor of more delay in STEMI patients. The presence of pain radiation to arms or shoulders (β=0.206, p=0.001) was also associated with more delay, whereas greater symptom congruence (β=−0.199, p=0.018), greater extent of typical symptom presentation (β=−0.153, p=0.019) and perceived susceptibility to AMI (β=−0.123, p=0.048) were associated with less delay among the STEMI subgroup (Table 3) .
NSTEMI subgroup. For the NSTEMI subgroup, the final regression model was also significant (F=9.178, p=0.001), and it accounted for 42.6% of the variance in pre-hospital delay. In this final model, only two of the factors were significant. The perceived barriers to care seeking (β=0.570, p<0.001) remained the most significant predictor of more pre-hospital delay, while the sudden onset of symptoms (β=−0.188, p=0.025) and greater symptom congruence (β=−0.195, p=0.026) were significant in predicting less delay in the NSTEMI subgroup (Table 3) .
Discussion
The most critical time for an AMI event is the very early phase of disease onset, during which patients are prone to develop life-threatening arrhythmias. Furthermore, early initiation of reperfusion therapy is critical to obtain its greatest benefits. The present study addressed this prominent clinical problem by determining the extent of the prehospital delay and identifying predictors associated with such delay in AMI patients. It is also the first study done in the Hong Kong Chinese population to identify factors predicting pre-hospital delay. Most previous studies have reported an average median duration of pre-hospital delay of two hours. 8, 9 This study identified similar findings for the STEMI subgroup, but the delay time was almost doubled for the NSTEMI subgroup. This finding is comparable to those reported for other Chinese populations, 11 although Kaur et al. reported the median delay was 15.6 and 53.7 h for Hong Kong Chinese men and women, respectively. 26 It is worth noting that this qualitative study included only a small sample with both AMI and unstable angina patients. The underlying difference in disease pathophysiology for AMI and unstable angina may potentially alter the disease manifestations and thus influence patients' care-seeking decisions. Nonetheless, the unacceptably prolonged pre-hospital delay among Hong Kong Chinese patients as reported in the present study deserves prompt attention.
By far the strongest predictors of delay as shown in the multivariate analyses were patient perceptual factors. We found that the high level of perceived barriers to care seeking would lead patients to avoid seeking care promptly. In particular, the patients' anxiety over wasting time by going to the hospital received the highest rating in this cohort. Overcrowding and long waiting times in emergency departments are common. 27 The emergency medical services in Hong Kong are heavily subsidized by the government, which has led to their over-utilization. Another prominent perceived barrier reported in this study was patients' concerns about being a burden to their families. This finding is consistent with Kaur et al.'s finding that patients emphasized that they did not want to burden their family and preferred not to cause them stress. 26 Similar findings have been reported by Western studies; women patients, in particular, often exhibit a self-sacrificing attitude by considering their family's well-being to be more important than their own. 28, 29 We also found that perceived symptom congruence predicted less delay in AMI patients. A match between the patients' actual AMI experience and their corresponding expectation of AMI predisposes patients to attribute their symptoms to AMI. Such a perceived match may facilitate their decision-making process in seeking care, a finding that is consistent with previous studies. 13, 17, 18 The modifiable nature of these predictors offers important insight for future educative interventions.
Beyond the patient perceptual factors, we also identified several characteristics of symptom presentation as predictors of pre-hospital delay. Greater extent of typical symptom presentation was most significant in prompting care seeking among patients in both the entire sample and the STEMI subsample. Symptoms are the fundamental cues triggering a person's cognitive judgement as to whether to seek medical care. 30 The occurrence of some well-known typical symptoms, notably chest pain, would probably lead a person to attribute the symptoms to the heart, indicating a serious problem that deserves prompt medical attention. This finding is consistent with those reported in previous studies. 14, 15 The non-significance of the extent of typical symptom presentation as a predictor of pre-hospital delay in NSTEMI patients may stem from them being less likely to present with typical AMI symptoms. For instance, Canto et al. 31 found that NSTEMI patients were nearly twice as likely to present without chest pain as STEMI patients.
In contrast to other studies, the present study found that many socio-demographic and clinical factors were not significant in predicting pre-hospital delay. In particular, previous studies found that some of the variables, such as older age 8, 11, 12 and presence of diabetes mellitus, 11, 14 were associated with more pre-hospital delay. It is possible that the discrepancies are due to the methodological differences among the studies. For instance, some studies treated the delay time as a continuous variable, whereas others collapsed delay time to a categorical variable, with different cutoffs to differentiate patients as early or late responders. 8, 12 More importantly, some studies primarily relied on medical record review. 12 Indeed, at least two studies found that delay time varied when comparing delay time data collected by means of record review as opposed to face-to-face interview. 32, 33 Similarly, inconsistencies exist for symptoms documented in medical records and those self-reported during an interview. 33 Doctors tend to document typical symptoms to support their diagnosis, devoting less attention to documenting atypical symptoms. As such, data collected via face-to-face interview may be more comprehensive.
The strengths of this study include the use of consecutive sampling technique and the inclusion of patients who were admitted to three regional hospitals in Hong Kong. These are all full-service hospitals within the region that serve over 41% of the total population of Hong Kong. Moreover, our adoption of the latest universal definition of myocardial infarction to ascertain patients' diagnoses provides an updated, 'real-world' insight into the problem of pre-hospital delay among AMI patients. However, we should point out several limitations that necessitate a cautious interpretation of the findings. First, practical limitations required that we recruited patients in only the cardiac units of the study hospitals and this may have compromised the sample's representativeness. It is likely that some patients with uncomplicated NSTEMI were managed in general medical wards, whereas nearly all STEMI patients are managed in cardiac wards. It is true that our sample consisted of a higher percentage of STEMI than NSTEMI patients, and this is inconsistent with the proportion of STEMI/NSTEMI patients reported by other studies. 11, 34, 35 Second, as participant recruitment was confined to Hong Kong Chinese, generalizability of the study findings to other Chinese contexts remains to be explored. Third, the present study's reliance on retrospective selfreport by patients for their symptoms and care-seeking experience introduced the possibility of recall bias. To minimize such bias, we initiated the interviews as soon as the patients were stabilized. We conducted all interviews within three days of admission. Finally, we performed multiple statistical tests on the same data set for this exploratory study, an action that might have inflated the type I error. Further studies are warranted to validate the findings of this study.
The findings of the present study have several clinical implications. In view of the significance of the extent of typical symptoms and symptom congruence in predicting pre-hospital delay in AMI patients, we suggest that future interventions emphasize not only the typical, but also the atypical AMI symptoms, to prompt patients' care-seeking behavior by recognizing the symptoms appropriately. Indeed, we have developed and validated a risk-scoring system for estimating the cumulative risk of atypical AMI presentation among patients. 36 The use of such a simple scoring system can assist healthcare professionals to frame their educational content for those individuals with a high risk for developing atypical symptoms when AMI happens, so as to enhance their ability to recognize the symptoms and label them accurately. In addition, as AMI is life-threatening and unpredictable, we recommend that high-risk patients be educated to consider timely careseeking before being exposed to the situation. One good way to raise patients' awareness is to present a hypothetical situation to assist them in identifying any barriers and misbeliefs that could hinder their care-seeking behavior, and then to provide resolving methods and clarify misunderstandings accordingly.
Implications for practice
• • Patient perceptual factors are the most significant predictors of pre-hospital delay in patients with AMI (acute myocardial infarction). • • Future interventions should address the perceived barriers to care seeking with a more innovative approach to prepare high-risk patients for an AMI attack which is unpredictable. • • To prompt patients' care-seeking behavior by recognizing the symptoms appropriately, future interventions should not only emphasize the typical, but also the atypical AMI symptoms.
